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In all cases, however, careful attention should be given to the fundamental features of the test procedure which is outlined as follows:
(1) Establish the air-conduction audiogram of both ears in the normal way with masking, if necessary, of the untested ear, i.e. when the difference in the hearing loss between the two ears exceed 50 db.
(2) Find the bone-conduction threshold with the bone-conductor applied to the mastoid of the tested ear without masking of the untested ear.
(3) Apply the masking noise of the appropriate band to the untested ear by means of an insert receiver and find a bone-conduction threshold reading.
(4) Apply the "shadowng" procedure thus: --Incre th-feve-of-the-masking--oise by 10 db. above threshold and re-test the bone-conduction threshold. If the bone-conduction threshold is raised by 10 db. increase the masking intensity by another 10 db. and repeat. Continue this procedure until the point is reached at which the bone conduction remains constant with further additional incremental steps of 10 db. of the masking noise. This is the "change-over" point, and gives the true bone-conduction threshold of the tested ear.
Suggestions for the improvement of standard equipment tend to encounter two kinds of objections. Firstly, that they involve excessive technical difficulties. Secondly, that the solution they offer is far from complete, and hence further development should be awaited.
Neither of these objections appears to be applicable in the present situation. No serious difficulties attend the generation or application of the masking sounds described, and as for further developments, these cannot be expected since in many respects the efficiency obtained is 100%, at which level an ample reserve is provided for the attainment of practically all the clinical results which are required. It is, therefore, to be hoped that the methods described will find useful application in improving the design of standard audiometric equipment.
hereditary cochleosaccular degeneration. In the course of earlier work much has been made of the abundant morphological data at our disposal, but their value is clearly limited when we come to apply them to the problems of the origin, flow and absorption of a fluid of unknown function and composition. Thus, Shambaugh's (1908) observation of the cellular structure of the stria vascularis led him to attribute thereto the secretion of the endolymph. But his arguments could not be regarded as conclusive, and much the same must be said of the studies of Secretan (1944) and others who have interpreted certain histological appearances in the saccus endolymphaticus as evidence both for and against its absorptive function. Nor have experimental methods been entirely neglected, and Guild's (1927) use of the Prussian blue granule technique led him to conclude that a flow of endolymph took place from the scala media by way of the saccule to the saccus endolymphaticus, whence it was absorbed into the radicles of the surrounding venous sinuses. However, the technical difficulties of these experiments were great and, so far as we know, they have never been repeated.
This conflict of evidence has long made apparent the need for new and more penetrating methods of investigation, and the present contribution is concerned with the application to the problems of the endolymph of modern methods of micro-chemical analysis. The history of the subject is very short. In 1940, Aldred, the collection from the scala media of the cat of small samples of endolymph, which they used for the first estimations of its osmotic pressure. Ledoux (1941 Ledoux ( , 1943 Ledoux ( , 1950 later used this method in his studies of the chemical and physical properties of the labyrinthine fluids. It is, however, to Smith, Lowry and Wu, of Washington (1954) that we owe the first detailed account of any measurements carried out by means of modern micro-chemical techniques of the electrolyte contents of the mammalian labyrinthine fluids, and the primary purpose of the present investigation has been to repeat and extend their observations. One of us (L. C.) carried out the collection of the labyrinthine fluid samples; the other (D. E.) was responsible for their microchemical analysis.
METHODS

A. Collection of Fluid Samples
The essential step in the collection of the samples has been the insertion of fine glass pipettes into the endolymph system of the cat and guinea-pig. These pipettes were made of boro-silicate glass, and were especially drawn in the laboratory. It was found necessary that the pipette tips should have an outside diameter within the range 50 to 100 microns. Penetration was diflicult with larger tips, whilst smaller tips did not permit the passage of the perilymph samples. Endolymph samples were easier to obtain from the cat by passing the pipettes through the round window membrane. After removal of this membrane, a finer pipette was then introduced into the endolymph-filled scala media, through the basilar membrane ( Fig. 1 In the guinea-pig, specimens of the perilymph were obtained by passing the pipette either through the round window membrane, or else through the thin ligament around the stapes foot-plate. The stapes was then removed, and endolymph collected from the utricle in the manner of Smith et al. (1954) (Fig. 2) .
The operation was conducted under Urethane aneesthesia. The head of the animal was firmly immobilized by means of a clamp attached directly to the skull. The pipettes were carried upon a micro-manipulator working under 10 x magnification of a Leitz dissecting microscope. Contamination of the specimens with blood was a serious difficulty, and constant suction was necessary throughout the operations to avoid it. All specimens were drawn up by suction into the collecting pipettes, which were then heat-sealed at both ends and immersed in Terpineol. This oil has a refractive index very similar to that of glass, and examination of the immersed pipette under a high powered microscope readily revealed the presence of red blood cells in the specimen. All specimens containing more than a few red cells were discarded. The sealed pipettes found to contain satisfactory specimens were then packed in vacuum flasks, filled with CO2 snow, and despatched to the Department of Bio-chemistry at Oxford. B. Microchemical Analysis.
The maximum amount of endolymph obtained was 0-5tkl., generally about 0 2M1. This is about 1/1000th of the amount usually taken for a blood count. On a microscope slide 0-2pl. forms a drop which will approximately cover a typewritten full stop. For various reasons these very small samples cannot be pooled, and new methods have been required for their analysis. By comparison with those required for the usual micro-methods of analysis the volumes of our fluid samples are less by one-thousandfold, calling for the estimation of millimicrograms instead of micrograms. Estimations have been carried out of the inorganic ions, sodium, potassium, calcium, magnesium and chloride. Protein and non-protein nitrogen estimations have also been made. In addition, the finding by Jensen and Vilstrup 1954 of an apparently high concentration of hyaluronic acid in the endolymph of certain dogfish has led us to carry out estimations of its concentration in the labyrinthine fluids of the guinea-pig. For work on the inorganic ions flame photometry was used. With this method an aqueous solution of the sample is atomised in a flame in which the elements all emit their characteristic spectra. This light is then passed via an optical system which can be arranged to select the spectrum of the desired element only. This selected light band then falls on a photosensitive cathode of a photoelectric cell, which converts it to current which can be read on a meter. The Beckman flame photometer is the most sensitive instrument available commercially, and can be used with either an oxy-hydrogen or an oxy-acetylene flame, which with aqueous solutions give temperatures of about 2,500°C. The current is amplified by means of a photo-multiplier, the instrument having an overall amplication of about 300,000. Readings are taken on a potentiometric scale, and are produced by operating a potentiometer to balance out the current produced by the element with the aid of a null point meter.
The time taken to obtain a reading, using this instrument, is about 30 sec. and in this time 1 ml. of solution is atomized. Thus, to obtain a reading, it is necessary to dilute a 0-2l1I. sample 5,000 times. This very sensitive instrument was, however, not sensitive enough to measure most elements in our own samples at the required millimicrogram level, particularly such weakly emissive elements as magnesium.
Efforts were, therefore, made to increase the emission of inorganic ions, and it was found that the hotter the flame used, the greater the sensitivity. Using one of the hottest flames possible produced by burning 900% acetone in 50% HCl in an oxy-hydrogen flame (here the temperature was about 3,500°C.) it was found possible to increase the emission of calcium and magnesium about 50 times. In this flame our samples, 0-2-0-5v1. diluted to 0-1 ml., were atomized in 35 sec. The flame photometer was modified so as to increase its sensitivity and speed of operation. Thus, the photo-multiplier was operated with very high dynode voltages to increase the current. The circuit was also changed so that this current charged a condenser, its discharge current through selected known resistors being then read directly on a sensitive galvanometer or on a recorder. Instantaneous readings could, therefore, be taken and less material was required. The instrument had an overall amplification of about 50 million with semi-automatic operation. Graphs were constructed using standard amounts of elements against times of discharge to known arbitrary levels fixed on the recorder. From these graphs unknowns were readily calculable. Improved in this way the equipment proved to be about 1,000 times more sensitive than the original Beckman instrument and it was possible to detect a ten-billionth (1 x 1011) gram of sodium.
Investigation of the hyaluronic acid content of the labyrinthine fluids was carried out using the technique of absorption spectro-photometry. The approach was an indirect one, and the concentration was established not of the acid itself, but of one of its derivatives, hexosamine. For this a new colorimetric procedure was developed. The hexosamine was separated from other sugars by shaking with a few grains of an ion exchange resin. It was then de-aminated to produce a compound which reacts with pyrrole to give a yellow colour. The absorption of this yellow colour was measured by absorption spectrophotometry with the use of special ultra-micro-capillary cells. These cells hold only 0-1 ml. of liquid and possess a 5 cm. light path, and are possibly the most sensitive absorption cells yet used.
RESULTS
The results of previous analyses of the cerebrospinal and labyrinthine fluids of the cat and guinea-pig are shown in Table I . Our own results are shown in Tables II, III. The findings are noteworthy in two respects. 66 (12)* Potassium (mEq./l.) 6-7 (12) 5 9 (12) 6-0 (12) 117-0 (12)* Chloride (mEq./1.) 150 (4) 150 (4) Protein (mg./100 g.) 25 (5) 142 (5) Non-protein nitrogen (mg./100 g.) 20 (5) 21 (5) *In many of these samples the Na+ and K+ concentrations suggested contamination with perilymph. Three samples, however, showed the high values for K given in the table. The bracketed figure appended to each entry represents the total number of observations upon which it is based. 3-0 ± 0-2 3 0 0-2 Magnesium (mEq./l.) 2-0 0-2 2-0 ± 0-2 0 9 ± 0-2 Hexosamine (mg./100 ml.) 5-8 5-8 (1) Utricular endolymph has a high potassium concentration and a low sodium concentration compared with perilymph or cerebrospinal fluid.
(2) The protein level in perilymph is higher than that of the other fluids. In other respects, however, the composition of the perilymph approximates closely to that of the C.S.F.
These results provide strong evidence of a wide difference between endolymph and perilymph. They indicate, too, that perilymph is mainly derived from cerebrospinal fluid.
As shown in Table III , we have found that the calcium content of endolymph in the guinea-pig was similar to that of cerebrospinal fluid and perilymph, having a value of I 3 0 mEq./l. A magnesium content of 2-0 ± 02 mEq./l. was found for perilymph and cerebrospinal fluid, but 0 9 i 0 2 eq./l. only in utricular endolymph. This is only half the value found in the other fluids. This result once again adds emphasis to the fact that utricular endolymph, at least of the guinea-pig, is very different from the perilymph.
In 1953, Jensen and Vilstrup isolated hyaluronic acid from the labyrinths of Acanthias vulgaris. By pooling the contents of 300 of their labyrinths, the largest known, these workers obtained very large quantities of endolymph. This was found to be viscous, possessing a relative viscosity of 24-24, with a hyaluronic acid content of 73 mg./100 ml. Accordingly, they attributed the high viscosity to the presence of this large amount of hyaluronic acid in its polymeric form. It was thought that if such high viscosity was also found for the endolymph of the higher vertebrates it would be an important factor in the rapid damping of the fluid movements in the semi-circular canals. Further, the dilatation of the endolymphatic sacs observed in patients suffering from Meniere's disease might well be an osmotic consequence of the depolymerization of hyaluronic acid. Our own examination of the perilymph and utricular endolymph of the guinea-pig have revealed a hexosamine content of 5-8 mg./100 ml. If all this had existed as hyaluronic acid the concentration of the acid in both fluids would only be 10-15 mg./100 ml. which is considerably less than the 73 mg./100 ml. found by Vilstrup using elasmobranchi. It does not seem likely that the viscosity of the mammalian endolymph is much higher than that of perilymph, or C.S.F., whilst its small hyaluronic acid content is not likely to provide any explanation of the endolymphatic distension found in Meniere's disease. In addition, the samples of perilymph and endolymph examined, as judged by their behaviour in a capillary tube, exhibited no significant degree of viscosity.
To summarize the results for Na+, K+, Ca++, Mg+ +: these confirm the very special nature of the endolymph. Whilst the high K+ low Na+ content is characteristic of intracellular fluid, the Mg+ + content is not, being, in fact, slightly lower than that of extracellular fluid.
Otologists will naturally wish to know how the remarkable chemical characteristics of the endolymph will help in the understanding of the mechanism of Meniere's disease. With regard to its metabolic function, the significance of its unusual electrolyte pattern is far from clear. Moreover, it is difficult to reconcile the high potassium content of endolymph with the positive DC potential of the scala media demonstrated by Bekesy (1952) . Here the electrical polarity is the reverse of that found for muscle and nerve, in which a negative potential is associated with the side of the membrane having a high K concentration. It is, however, possible that this positive potential provides the basis of the electric triggering of the response to sound of the hair cells of Corti's organ.
Regarding the formation of endolymph, the stria vascularis may well play the part already attributed to it of secretory action. The maintenance, however, of constant ionic levels on either side of Reissner's membrane probably involves a biochemical mechanism known as "active transport". Here an accumulation of K+ and extrusion of Na+ takes place against concentration gradients. This may maintain a high K + level, without any difference in osmotic pressure on the two sides of Reissner's membrane.
This osmotic pressure is intimately coupled with water balance. The breakdown of this mechanism would probably tend to disturb this water balance with resulting distension of the endolymph system. It is hoped that further analytical work will bring us nearer to a fuller understanding of these mechanisms, and so to the rational treatment of Meniere's disease.
